Mechanism of nucleocapsid protein catalyzed structural isomerization of the dimerization initiation site of HIV-1.
Dimerization of two homologous strands of genomic RNA is an essential feature of retroviral replication. In the human immunodeficiency virus type 1 (HIV-1), a conserved stem-loop sequence, the dimerization initiation site (DIS), has been identified as the domain primarily responsible for initiation of this aspect of viral assembly. The DIS loop contains an autocomplementary hexanucleotide sequence flanked by highly conserved 5' and 3' purines and can form a homodimer through a loop-loop kissing interaction. In a structural rearrangement activated by the HIV-1 nucleocapsid protein (NCp7) and considered to be associated with viral particle maturation, the DIS dimer converts from an intermediate kissing to an extended duplex isoform. Using 2-aminopurine (2-AP) labeled sequences derived from the DIS(Mal) variant and fluorescence methods, the two DIS dimer isoforms have been unambiguously distinguished, allowing a detailed examination of the kinetics of this RNA structural isomerization and a characterization of the role of NCp7 in the reaction. In the presence of divalent cations, the DIS kissing dimer is found to be kinetically trapped and converts to the extended duplex isoform only upon addition of NCp7. NCp7 is demonstrated to act catalytically in inducing the structural isomerization by accelerating the rate of strand exchange between the two hairpin stem helices, without disruption of the loop-loop helix. Observation of an apparent maximum conversion rate for NCp7-activated DIS isomerization, however, requires protein concentrations in excess of the 2:1 stoichiometry estimated for high-affinity NCp7 binding to the DIS kissing dimer, indicating that transient interactions with additional NCp7(s) may be required for catalysis.